The aim of the study was to evaluate the clinical results of the Headless Compression Screw (HCS, Synthes) when used for treatment of acute 
Introduction
An accepted management of displaced scaphoid waist fractures is operative screw fixation to decrease the likelihood of mal-or nonunion [1] . Even for non-displaced scaphoid waist fractures a trend towards operative treatment is occurring [2] . In undisplaced scaphoid fractures, however, current evidence does not show long-term advantages of operative treatment over conservative treatment particularly as a high rate of fracture union after conservative treatment with splints has been observed [3] , [4] , [5] , [6] . Treatment failure leading to nonunion require extensive operative measures to avoid substantial joint deterioration. Up to now, autologous bone grafting still seems to be superior to artificial bone cementation despite of associated donor-site morbidity [7] . Though, a benefit of screw fixation for displaced and undisplaced fractures lies with an earlier return to work and sports activity [5] . Acute scaphoid fractures commonly occur in young, working men after falls, especially sport accidents [8] . With an annual incidence of 38 per 100,000 persons [9] , [10] , scaphoid fractures are frequently observed and represent the majority (79%) of all carpal fractures. A short time of immobilization due to safe fixation techniques would entail a shorter time off work and a subsequent lower socioeconomic impact of this injury. The continued development of implants for scaphoid fixation has led to a host of different screw systems. The aim of all implants is to provide rigid fragment fixation and to ensure high interfragmentary compression and thus an early return of wrist motion [11] . Differences lie in the screw size and threads as well as cannulated versus non-cannulated methods of insertion. The development of screw fixation systems are primarily enhancements of the Herbert-Whipple screw, which was introduced in 1995 [12] . One of these systems is the cannulated double-threaded Headless Compression Screw (HCS, Synthes, Paoli, USA). The implantation technique exhibits a method to generate interfragmentary compression, wherein during insertion the head of the screw is locked through a compression sleeve. It creates compression across the fracture when the tip of the compression sleeve contacts the scaphoid and the screw is further tightened. The compression sleeve is retracted once the desired interfragmentary compression is reached. The screw head is then fully seated to maintain this desired compression. This technique intends to reduce the risk of the screw cutting through the bone. There exists few clinical data to support the effectiveness of this method. The use of a compression sleeve with a higher diameter as the diameter of the screw head may also launch problems during the insertion of the screw through a minimal invasive approach. The aim of the study was to evaluate the outcomes of this device when used for treatment of acute scaphoid waist fractures.
Material and methods
We retrospectively reviewed 21 patients that were treated with an HCS screw for acute scaphoid waist fractures (Herbert type B2 [13] ). The mean age of 13 male and 8 female patients was 38 years (range 21 to 76). All but one fracture resulted from a fall on an outstreched hand. The diagnosis was obtained by conventional X-ray examinations (p.a., lateral and scaphoid view) and preoperative CT-scans with multiplanar reconstructions when needed. The mean time between trauma and surgery was 10 days. Two cases were treated with an antegrade whereas nineteen with a retrograde approach. For the both methods, a longitudinal incision less than 1 cm was required and reduction aided through the use of a fluoroscope. After blunt dissection was performed to the level of the scaphoid, a guide wire was carefully inserted under fluoroscopic control. The screw length was measured and a cannulated reamer was inserted over the wire. The drilling did not proceed beyond the cortex of the proximal scaphoid pole. The reamer was then removed and a 3.0 mm diameter HCS screw of the appropriate length was inserted. The screw head was still locked by the compression sleeve. When the compression sleeve contacted the proximal pole, the distal thread of the screw engaged the proximal scaphoid fragment and compressed the proximal and distal fragments. The compression sleeve was then retracted and the head of the screw securely seated. The screw position was verified through fluoroscopic methods (Figure 1) . A short-arm thumb-spica cast was applied postoperatively allowing unrestricted thumb interphalangeal motion while maintaining the wrist in slight extension. Cast immobilisation was discontinued after 14 days and converted to a removeable splint. Active range-of-motion exercises were encouraged at 6 weeks. Full weightbearing was allowed after 12 weeks. Regular X-ray examinations were performed until the fractures united and were reviewed by experienced musculoskeletal radiologists. Union was defined as cross trabeculation detected on all obtained radiographic views. The injured and uninjured wrists were examined for range of motion and grip strength during post-operative follow up visits. At the final examination, we assessed the subjective outcome through use of the Disabilities of Arm and Shoulder (DASH) questionnaire.
Results
The average time to the final follow-up examination was 12.8 months (range 4-37 months). All 21 fractures united after a mean time of 7.2 weeks. Postoperative complications such as wound infections, hardware failure or loosening, malunions or avascular necrosis were not observed. Radiographic evidence of scapholunate instability or osteoarthritis at the site of screw insertion were equally absent. The mean screw length chosen for scaphoid fracture fixation was 22 ±1.8 mm and a diameter of 3 mm. In 19 of 21 patients the fracture was bridged by the screw with an optimal subcortical screw position. There were no problems noted during the insertion of the screws, especially problems related to the higher diameter of the compression sleeve. In two cases the screw protruded the proximal scaphoid pole which required screw removal after fracture union. In both cases, the screw was inserted in a retrograde manner and penetrated the dorsal cortex of the scaphoid (Figure 2) . Nineteen patients were satisfied or very satisfied with the postoperative result, two patients were moderately satisfied. None of the patients had pain at rest. The two cases with the cortical perforation of the scaphoid were also satisfied after screw removal. Two different patients re- ported pain during activities of daily living and experienced occasional pain during forceful wrist motion. At the final examination, the mean DASH score was 7.1 (range 0-30). The average motion of the wrist in extension was 61°(95% compared to the uninjured side), flexion was 46°(87%), radial abduction reached 25°( 80%) and the ulnar abduction 31°(90%). The maximally achieved grip strength was 86% compared to the uninjured side.
Discussion
In this study, open reduction and internal fixation of acute unstable and/or dislocated transverse scaphoid waist fractures with the HCS led to good functional and radiographic results. The implant provided rigid fragment fixation which led to bony consolidation in all cases. At the final follow-up examination, a low DASH score was accompanied by encouraging motion and grip strength when compared to the uninjured side (88% vs. 86%).
Our results using the HCS implant are similar to those identified using other screw fixation systems. Bony healing was established in 29 of 30 scaphoid fractures treated with Acutrak screws with a mean time to consolidation of 9 weeks [5] . The grip strength and motion recovered almost fully after one year status post surgery. Similar results with fracture healing at 10 weeks were found in 23 of 25 scaphoid fractures treated with Acutrak screws. In one case a non-union was found. Motion and grip strength at the final follow-up examination were 94% and 88%, of the contra-lateral side respectively [14] . Slade et al. observed good functional and radiographic results after antegrade insertion of Acutrak screws [15] . Nonunions in 27 patients were not observed and the time to consolidation was 12 weeks. The authors found a more rapid consolidation (8 weeks) when the time between injury and operation was less than one month. Eleven patients with acute, nondisplaced fractures of the scaphoid were treated with retrograd inserted Acutrak screws [3] . A consolidation was observed after 7 weeks. Two years after surgery, the motion in flexion/extension was 93%, grip strength was 95% compared to the uninjured side. All fractures united. Inoue and Shionoya examined 22 patients treated with the Herbert screw [16] . After 6.5 weeks, all fractures were radiographically healed. In a series of 23 patients treated with a Herbert screw (Zimmer Inc., Warsaw, USA), union occurred in all cases. The functional deficit was small with 92% of flexion, 96% of extension and 100% of grip strength being restored. In one case, the screw perforated the scaphoid proximal pole, which was resolved through screw removal [17] . The authors indicated that measuring the time until complete bony union is difficult as, in the majority of the cases, the fracture gap is difficult to detect after interfragmentary compression [17] . Despite the apparently superior results obtained through headless screw fixation of scaphoid fractures, complications do occur in operatively treated fractures. Complication rates up to 29% were described, including chronic regional pain syndrome, tendon ruptures and malunions [18] , [19] , [20] [21]. In our study, none of these were noted. However, two cases in our series showed an inaccurate position of the implant which necessitated a removal of the implants. During screw insertion, the choice of the correct screw length is essential for maximizing fracture stability. Biomechanical analysis demonstrated greatest construct integrity when the screw was placed in a subchondral location [22] . When the screw length is measured before fracture compression, a mild collapse at the fracture site may ensue which can contribute to the screw perforation as was seen with us. Limited information exists regarding the long-term effects after screw implantation. [26] . There were no significant differences in peak torque, compression immediately after insertion and 5 minutes after insertion. A limitation of our study is the measurement of time to bony consolidation. The imaging technique itself may be fraught with error, as bone healing of this region could not be definitely identified by conventional radiographic imaging [27] . A verification of union with conventional X-ray examinations is prone to error and may have benefited from CT scan fracture union confirmation.
Conclusion
Treatment of type B2 scaphoid fractures with the Headless Compression Screw showed good functional and radiographic results. The interfragmentary compression can be efficiently controlled with a compression sleeve without reducing the ease of insertion. Although subchondral position of the screw is advantageous, care must be given to prevent cortical penetration by the screw as this mandates subsequent screw removal.
Notes

